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70 all whom it may concern:

Be it known that I, Carvo Tonroro, a
subject of the King of Italy, residing at
Milan, Lombardy, Italy, have invented cer-
tain new and useful Improvements in Oxi-
dation of Ammonia, of which the following
is a specification.

This invention relates to oxidation of am-
monia; and it comprises a method of oxidiz-
ing ammonia by the use of the oxygen of air
wherein a inixture of air and ammonia ig
passed through a thin catalytically acting
screen situated between a pair of metal
screens acting to intercept and return heat
radiating from the first-named screen, said
pair of screens being made of any suitable
metal but most: advantageously being of
nickel; and it also comprises as a new or-
ganization of apparatus elements for the
oxidation of ammonia by air, a conduit, a
catalytic screen spanning said conduit, said
screen being advantageously composed of
platinum netting or gauze and being as thin
as may be, means for supplying heat when
desired, means for supplying air and am-
monia to one end of said conduit, means for

removing nitrose gases at the other end of

said_conduit and a heat-intercepting screen,
serving also as a gas purifier and gas pre-
heater, located in close proximity to said
catalytic screen and between the same and
the point of inlet of air and ammonia, and
usually, another heat-intercepting screen lo-
cated on the other side of the catalytic
screen, that is, between it and the point of
exit of nitrose gases; all as more fully here-
inafter set forth and as claimed.

Oxidation of ammonia in gaseous form
by air, or oxygen, is a well understood reac-
tion, utilized on the large scale in making
nitric acid, ammonium nitrate, ete., but it is
difficult to so conduct it in practice as to
obtain large yields of oxidized nitrogen
products from the ammonia with simple
and economically operating apparatus. In
the oxidation a catalyst is always used to
accelerate the action. While very many and
various_catalysts, including salts of easily
reducible and oxidizable metal acids, suc
as vanadic acid and chromic acid, reducible
metal oxids, such as lead oxids, bismuth
oxid, copper oxid, ete., have been proposed,

in practice the catalyzer is usually metallic
platinum,

Oxidation of ammeonia by the oxygen of
air is an exothermic action. Using plati-
num as a catalyzer, the reaction begins to
take place with a noticeable velocity only
at a rather high temperature. Between
400° and 500° C.,the reaction speed is rather
great and at 650° C. it becomes extremely
rapid, being almost instantaneous. The par-
ticular temperatures however at which reac-
tion velocity attains any great magnitude
varies with different catalyzers. The net
result of the oxidation also varies with the
catalyzer and with the circumstances. In
burning NH, with O, the net result may be
a simple removal of hydrogen and libera-
tion of nitrogen in the free state, or the
action may go on further with the produc-
tion of oxids of nitrogen. The latter is of
course the result desired. Nitrogen oxids,
once more, may in turn be catalyzed back
tol i{]itrogen and oxygen by the catalyst it-
self.

A simple calculation shows that the heat
of oxidation of ammonia should be more
than enough to maintain not only the de-
sired temperature of, say, 650° to 700° C.,
but even greater temperatures; but in prac-
tice, using air, it is found difficult to main-
tain the desired temperature without the
use of heat from outside sources to balance
heat losses by conduction, radiation, ete:

Platinum used as a catalyst is ordinarily
in the form of a wire gauze or netting dia-
phragm or septum spanning a conduit
through which passes the mixture of air
and ammonia. The ideal structure of dia-
phragm, both for the sake of economy. in
expensive metal and for technical reasons,
15 a close-meshed, thin ‘fabric made of fine
wire. The finer the wire and the closer the
mesh, the more thorough is the contact of
the gas mixture with the catalyst and the
shorter is the period of its exposure thereto—
the latter being desirable since the nitro-
gen oxids should be removed from the cata-
Iytic activity of the platinum as soon as
they are formed. But the thinner the gauze
septum, the greater is the ratio of the heat-
radiating surface to the mass and the
greater are the heat losses.
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In the art many methods have been pro-
posed for obviating these heat logsses.  In
one method, the hot gases coming from the
atalyzer, or the so-called “nitrose gases,”
are caused to flow in counter-current with
the cold gases going to the catalyzer through
suitable heat exchangers, thereby giving up
the heat of the nitrose gases to the fresh

gases.  Sometimes the fresh gases arve pre-
leated in other manners, as by passing
through furnace heated tubes. n ex-

pedient frequently proposed is to pass a
heating current of electricity through the
catalyzer itself. '

All these methods have important practi-
cal objections. In the use of preheaters or
other heat exchangers or direct heating de-
vices, it is in practice necessary to give a
relatively long period of exposure of the
gas mixture to the hot metal and most of
the metals here in contemplation have an
injurious catalytic effect on the ammonia.
Nickel probably has less than most other
metals and for that reason heat exchangers
and heaters are ordinarily made of nickel
tubing, which is expensive. Repairs, which
are frequently necessary, especially at
welded or jointed parts, are difficult and
costly. Aluminum, which has no particular
catalytic action, has too low a melting point
to make it practical for these purposes. All
these devices further mean greater compli-
cation and greater expense.

Heat of reaction may be kept up and com-
paratively simple apparatus used by artifi-
cially enriching the air with oxygen; but
this is expensive and necessitates a compli-
cated installation for the production of
oxygen.

Tt is the object of the present invention to
carry out the oxidation of ammonia by air
in a simple and direct manner, utilizing the
heat of the reaction for maintaining said
reaction without the use of complicated pre-
heaters or heat exchangers; and to obtain
certain other advantages.

Conceiving a simple catalytic screen of
fine platinum gauze spanning a conduit and
at a temperature of, say, 675° C., supplied
with a cold mixture of air and ammonia, it
is obvious that the catalyst must bring the
gases to the reaction temperature. In other
words, the face of entry of the gases is
at less than the reacting temperature, being
kept so by the cold gas mixture. This part
of the platinum is not catalytically active,
since it is acting merely as a preheater.
Very little preheating is given to the gases
by radiation from the catalyst, since the gas
mixture is passing at high speed and has,
Iike any other gas mixture, but a feeble
power of absorption for radiated heat.

In the present invention, I simply mount
another screen of nickel wire ganze imme-
diately adjacent to the platinum or catalytic
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screen and between it and the point of entry
of the cold gases. This auxiliary screen is
best made of nickel, since nickel has, as
stated, little catalytic action on ammonia.
This auxiliary screen receives the heat ra-
diated by the catalytic screen and is itself
brought to a high temperatuve, and it then
acts as a preheater for the gas mixture. In
other words, in lieu of using part of the
E)latinum as a catalyst and part as a pre-
heater, I transfer the preheating dnty to
screen or netting of nickel. This gives me
a much higher utilization of the catalytic
power of my platinum and therefore u
marked economy. This anxiliary screen in
advance of the catalytic screen also has a
number of other utilities,

Ammonia gas is invariably more or less
impure. Where it is derived from gas works
ammonia, it usually contains various hydro-
carbons, sulfur, ete., and where it is made
from cyanamid, it usually contains more or
less acetylene and phosphin or phosphoreted
hydrogen. On contact with the hot plati-
num, these impurities decompose or react
and tend to “poison” the catalyst.  With
the use of the hot nickel netting in ad-
vance of the platinum the nickel, which is
highly catalytic as regards hydrocarbons,
etc., breaks up-these bodies and causes harm-
less oxidation, obviating injury to the cata-
lyst. Again, no matter how carefully fil-
tered the alr nsed in the operation may be,
in view of the relatively enormous volumes
used, it is difficult to prevent presence of
more or less dust. In the ordinary method
of oxidizing, this dust, which is of varied
character but is largely mineral, is deposited
on the platinum and gradually coats or
enamels 1t, restricting the active avea. With
the present device, this dust is caught on the
nickel without reaching the platinum.

With a fine-meshed nickel sereen mounted
in the path of the gases going to the platinum
and in heat receiving proximity to the piati-
num, it is not difficult to keep the tempera-
ture of the platinum at the proper point by
the action of the platinum itself. It is, how-
ever, advantageous to mount another and
similar nickel screen in heat receiving prox-
imity to the platinum or catalyst screen on
the other side; that is, beyond the platinum
screen. A platinum netting so mounted be-
tween heat intercepting metallic screens on
each side is easily kept at the desired tem-
perature by the oxidation, even where, as
15 sometimes desirable, the amount of air
relative to ammonia is rather great.

The platinum netting and the two other
nettings by which ‘it is inclosed offer but
little resistance to the forward passage of
the gases and a small apparatus may be
given a relative great capacity and particu-
larly since in the present apparatus all the
platinum is catalytically active. The es-
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-tube or conduit of any suitable material.
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sence of the present invention is intercepting
and returning the radiated heat coming
from the catalyst by means of pervious dia-
phragms on one or both sides. Other cata-
lytic metals than platinum may of course be
used in the same way; but I regard plati-
num or alloys containing platinum as being
the best for the present purposes. Other
metals than nickel may be used for the
auxiliary or intercepting screens, but I re-
gard nickel as best. -

The auxiliary screens may be in direct
contact with the platinum screen, receiving
heat by conduction as well as radiation, but
I ordinarily regard it as better to separate
them by a small space.

In the accompanying illustration I have
shown, more or less diagrammatically, ap-
paratus within the present invention and
susceptible of use in the performance of the
deseribed process. In this showing, which
is in vertical central section, element 1 is a
At
ohe point it is spanned by a pervious septum
or -diaphragm 2 of fine-meshed platinum
gauze. Heat for starting may be imparted
by a heating current sent through the dia-
phragm from current leads 3 and 4. Other
methods of securing heat for starting may
be used; but electric heat is simple and con-
venient. Instead of using platinum gauze,
perforated platinum foil may be used; but
the gauze is best. Other catalysts, if used,
may be employed as a pervious screen.
Whatever the catalytic screen, in operation
the heat developed by the oxidation is rap-
idly lost, partly as sensible heat of the es-
caping nitrose gases and partly by radia-
tion. As previously set forth, the thinner
the catalyst diaphragm the better are the
conditions, chemically considered; but the
greater is the loss of heat by radiation; and
the heat so radiated cannot well be inter-
cepted by a solid wall, since so to do would
interfere with the simplicity of apparatus
and with the desirable right-line movement
of gases. Therefore T mount in the tube in
close proximity to the catalyst diaphragm,
a precheating diaphragm 5 of fine gauze,
made of nickel or other metal exercising
but little catalytic influence on the ammonia.
The preheating diaphragm intercepts and
returns heat radiating from the catalyst,
itself being raised to a high temperature and
imparting this heat to the ammonia and
air immediately prior to their contact with
the catalyst; the time during which they
are together at high temperature being there-
by reduced to a minimum. There may be
one or more of these preheating diaphragms;
but one is generally sufficient.” In addition
to its heat intercepting and returning func-
tion, it has the further function of acting
to intercept hydrocarbon vapors and gases
and “catalyst poisons”, as well as dust. It

8

is better, where a plurality of diaphragms

is used to mount another, 6, on the other side
of the catalyst diaphragm. This second
auxiliary diaphragm operates, not only as a
radiation shield, intercepting the radiation
from the catalyst diaphragm but also by
receiving heat from the hot gases and aid-
ing in keeping said catalyst hot. Like the
first auxiliary diaphragm, it is advanta-
geously made of fine-meshed nickel gauze.

With the described structure, a minimum
of platinum suffices for an apparatus of
large capacity and the catalyst proves of
very long life, even with relatively impure
ammonia. Once it is brought to the proper
red heat, the reaction takes care of itself,
the catalyst, however thin it may be, pre-
serving the desired temperature. The ac-
tion is of course exactly the same whether
catalyst diaphragm 2 be made of platinum
gauze or another catalytic materi‘a?

What I claim is:—

1. In the oxidation of ammonia by air in
the presence of a pervious catalytic dia-
phragm, the process which comprises pre-
liminarily passing the mixture of air and
ammonia through a heated metal gauze in
heat intercepting proximity to said catalytic
diaphragm, said gauze being made of a
metal substantially non-catalytic with re-
gard to ammonia.

2. In the oxidation of ammonia by air in
the presence of a pervious catalytic dia-
phragm, the process which comprises pre-
liminarily passing the mixture of air and
ammonia through a heated metal gauze in
heat , intercepting proximity to sald cata-
lytic diaphragm, said gauze being of nickel,

3. In the oxidation of ammonia by air, the
process which comprises passing a mixture
of air and ammonia through a hot plati-
num wire gauze mounted between and in
close proximity to two pervious heat inter-
cepting metal members made of ‘metal sub-
stantially non-catalytic as regards ammonia.

4. In the oxidation of ammonia by air,
the process which comprises passing a mix-
ture of air and ammonia through a hot
platinum wire gauze mounted between and
n close proximity to two pervious heat in-
tercepting nickel diaphragms.

5. In ammonia oxidizing apparatus, a
conduit, a pervious catalytic diaphragm
spanning said conduit and a thin wire gauze
of non-catalytic metal also spanning said
conduit and mounted in heat receiving and
returning proximity to said catalytic dia-
phragm.

6. In ammonia oxidizing apparatus, a
conduit, a pervious catalytic diaphragm
spanning said conduit and a thin nickel
gauze also spanning said conduit and mount-
ed in heat receiving and returning proximity
to said catalytic diaphragm.

7. In ammonia oxidizing apparatus, a
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conduit, a thin, fine-meshed platinum gauze
diaphragm  spanning said condnit and a
thin, fine-meshed. nickel gauze diaphragm
also spanning said conduit and mounted in
heat receiving and returning proximity to
said platinum gauze,

8. In
conduit,

ammonia  oxidizing apparatus, 2
a thin. fine-meshed platinum wire

gauze diaphragm spanning said conduit ana

a pair of fine-meshed nickel gauze dia- 10
phragms, one being on each side of said plati-
num wire gauze and mounted in heat receiv.
ing and retirning proximity thercto,

* In testimony whereof T aflix my signature

hereto.
CARLO TONIOLO.



